Abstract: Karyotype analysis and chromosome behaviour in tetraploid Allium iranicum is reported. The somatic karyotype 2n = 32, consists of 12 pairs of metacentric chromosomes, two pairs of submetacentric chromosomes and two pairs of submetacentric satellite chromosomes. Chromosome complement follows two sets of 16 pairs of homologous chromosomes. A detailed analysis of Pachytene, Diplotene and Metaphase I of meiosis in pollen mother cells in this taxon showed that the most common chromosome configurations were bivalents at all subphases mentioned. It is concluded that A. iranicum is most likely a natural allotetraploid and certainly differs from related species A. ampeloprasum, A. commutatum and A. porrum.
Introduction
Allium iranicum Wendelbo belongs to the section Allium with more than 114 species, approximately 30 of which have been known in Iran. This species is found in an area located in the southern slopes of Elbourz Mountains as well as in the North-western parts of Iran. It was also found only in eastern Iraq, near the frontier with Iran (Haji Umran). In Flora Iranica (Wendelbo, 1971 ) this taxon was named as A. ampeloprasum subsp. iranicum. In a later revision in Flora of Iraq (Wendelbo, 1985) the taxon was raised to specific rank i.e. A. iranicum. A. iranicum is rather similar to A. ampeloprasum, but differs in having long stipitate bulbolets borne on slender stolons beneath the leaf sheaths, by having acute or subacute inner and outer perianth segments and by the glabrous filaments. Previous chromosome count for this taxon (syn: A. ampeloprasum subsp. iranicum) was determined by Pogosian in Tachtahan (1990) to be 2n = 16 and 32. However, a careful study of the samples by Oganesian (personal communication) revealed that those species were indeed A. pseudoampeloprasum (ERE 121729) 2n = 16 and A. atriviolaceum (ERE 116737) 2n = 32, not A. ampeloprasum subsp. iranicum.
In this study A. iranicum is compared with A. ampeloprasum and A. commutatum from a karyological point of view. The chromosome behavior in the pollen mother cells are discussed as well and compared with A. porrum. This is the first chromosome count and report on meiotic behaviour for A. iranicum.
Material and methods
The material studied (seeds and bud flowers) was collected from two populations growing in their natural habitat, in the southern parts of Elbourz Mts near the Lake of Tar (29786 TUH) and Plour (29787 TUH). To ensure the validity of our results concerning the chromosome number and meiotic analysis, we used a collection of 10 different plants within each population. Somatic chromosomes were studied in standard Feulgen preparations after pretreatment with 0.002 M solution of 8 hydroxyquinoline for 3 h at room temperature. Measurements of straight chromosomes were made under the microscope with an initial magnification of ×340 for meiotic chromosomes and ×1000 for mitotic chromosomes. Somatic chromosomes were classified according to centromeric positions defined with mean arm ratios (LEVAN et. al., 1994) . Meiotic chromosomes were observed in pollen mother cells in acetocarmine squash prepared as described by GHAFFARI (1986) . The results of the analysis of pachytene, diplotene and metaphase I of meiosis were obtained from 19, 32, and 78 cells respectively. Voucher specimens were deposited in the Central Herbarium of Tehran University (TUH).
Results and discussion
Karyotype Somatic chromosome counts in 50 root tips disclosed a chromosome number of 2n = 32 (x = 8). The representatives of chromosome set at mitotic metaphase is shown in Fig. 1 and Table 1 . Almost all chromosome results available for section Allium are based on x = 8 (Mathew, 1996; McNeal, 1992) with the ex- ception of one record of 2n = 14 (x = 7) for A. heldreichii (Alden, 1976) . The karyotype of A. iranicum consists of 12 pairs of metacentric chromosomes, two pairs of submetacentric chromosomes and two pairs of submetacentric satellite chromosomes (Fig. 1) . Satellite chromosomes are distinguished in two types: One (Type A) is submetacentric with the arm ratio value of about r = 2.12 (Tab. 1). The short arm is divided by the secondary constriction into equal segments. The other type (Type B) is also submetacentric with the arm ratio value of about r = 2.73 (Tab. 1). The short arm in this type is divided by the secondary constriction into two distinctly unequal segments, of which, the distal segment is much longer (Fig. 2F) . Occasionally, in some cells, in type B, the secondary constriction at late metaphase I, was hardly visible and therefore the chromosome seemed metacentric. This observation agrees with the previous reports concerning A. ampeloprasum and A. commutatum (Bothmer, 1975 (Bothmer, , 1982 . According to the literature, A. ampeloprasum has six races of euploidy: 2x, 3x, 4x, 5x, 6x and 7x, with 2n = 16, 24, 32, 40, 45 and 56 chromosomes, respectively (e.g. Ved Brat, 1965; Kollmann, 1971; Bothmer, 1974 Bothmer, , 1975 Vosa, 1977; Ozhatay, 1984 Ozhatay, , 1990 Mathew, 1996) . However, our samples from a different locality showed that the A. iranicum is a tetraploid species with 2n = 32. According to the investigation of Kollmann (1971) on two varieties of A. ampeloprasum with five races of euploidy (2x, 3x, 4x, 5x and 6x), all samples have the basic number of x = 8. The monoploid chromosome set also consists of six chromosomes with equal or nearly equal arms and two remaining chromosomes with unequal arms and secondary constrictions. Nevertheless our observations indicate that A. iranicum is distinctly different from that of A. ampeloprasum and A. commutatum from a karyological point of view. Our studies show that the chromosome complement of A. iranicum has two sets of 16 chromosome pairs and not 4 sets of 8 chromosomes. In other words, tetraploid A. commutatum and A. ampeloprasum have four members of satellite chromosomes of each A and B types respectively (Bothmer, 1970 (Bothmer, , 1982 , while, A. iranicum has two members of satellite chromosomes of each type. Furthermore, regarding the position of secondary constrictions, two types of satellite chromosomes in A. iranicum differ from the similar ones in A. ampeloprasum. The arm ratios of types A and B in A. ampeloprasum were reported to be 1.2 and 3.4 respectively (Kollmann, 1971) . Meanwhile, our studies indicates the values of 2.12 and 2.73 in A. iranicum respectively. In addition, the arm ratio of 16 pairs of chromosome complement in A. iranicum does not follow the pattern of 4 sets of 8 chromosomes (Tab. 1). Consequently, based on our observation we can conclude that A. Iranicum is an allotetraploid species.
Meiosis
Meiosis in pollen mother cells was abundant, and chromosome pairing was analyzed in large numbers of cells that were easily available. Due to difficulties of spreading the meiotic chromosomes, the pairing analyses could be conducted in limited number of cells only (Tab. 2). The most common chromosome configurations in metaphase I, were bivalents (96.55%), tetravalents (1.92%) and univalents (1.52%). Though most of the bivalents in A. iranicum possess chiasmata localized in the centromeric region a few terminal chiasmata were also observed. Bivalents with a chiasma in distal region looked rod-shaped at metaphase I (Fig. 2D) . Levan (1940) , Khazanehdari et al. (1995) , Stack & Roelofs (1996) and Jones et al. (1996) reported that in A. porrum (leek), quadrivalent formation was common at prophase I, but that at metaphase I a quadrivalent was either absent or rarely observed. A. porrum is still considered a true autopolyploid and the reason for the low quadrivalent frequency was found to be strict proximal chiasma localization (Khazanehdari, et al., 1995; Sybenga, 1996) . Jones et al.(1996) confirmed that despite frequent quadrivalent pairing (71%) at prophase I and high mean chiasma frequency (3.5 per quadrivalent), the majority of quadrivalents were resolved into bivalent associations at metaphase I. Also Jones et al. (1996) reported that in A. porrum quadrivalent results from the pronounced proximal localization. Analysis of 51 pollen mother cells in A. iranicum revealed 16 bivalents at pachytene and diplotene (Figs 2A,B) . Quadrivalent formations were also observed in some cells occasionally. In spite of the previous reports for A. porrum (Levan, 1940; Jones et al., 1996) , our results shows that in A. iranicum, the chromosome configurations in pachytene subphase are bivalents (98.02 %) and tetravalents (1.97%). Further, we identified a configuration of 98.04% for bivalent and 1.95% for tetravalent at diplotene (Tab. 3). A rare occurrence of quadrivalents in A. iranicum might be explained by heterozygosity for chromosome translocation or even for allotetraploid origin from different species with some genetic similarities (Fig. 2B) . The meiosis in A. iranicum showed a reduction in the number of interstitial chiasmata leading to their terminalization at metaphase I. Terminal and proximal chiasmata were observed at the early metaphase I (Fig. 2C) , whereas, most of the terminal chiasmata disappeared at the late metaphase I. Occasionally, one B-chromosome was observed in metaphase I (Fig. 2E ). This B-chromosome showed a tendency to lag at the first anaphase, as reported earlier on by Ghaffari (1998 Ghaffari ( , 2002 . Stebbins (1947 Stebbins ( , 1950 , classified polyploids into autopolyploids, (genomic) allopolyploids, autoallopolyploids, and segmental allopolyploids. In (genomic) allopolyploids, originating from a doubled hybrid with well differentiated genomes (AB in the case of an AABB allotetraploid), identical or at least fully homologous genomes occur in pairs, and between the different pairs of genomes there is a strong pairing barrier. Because only homologous chromosomes pair, there is no pairing partner switch, and no multivalents are formed. In some cases there is no pairing in the original diploid hybrid or in the dihaploid derived from the allopolyploid, but in other cases there is. Yet, in those cases too, pairing is only between homologous chromo- somes in the allopolyploid, so there must be complete preference of homologous over homoeologous pairing (Sybenga, 1996) . Predominant formation of bivalents in meiosis (prophase I and metaphase I) of A. iranicum, and also the presence of 16 pairs of homologous chromosomes at somatic metaphase cells could eventually imply its allotetraploid origin. Flora of Iran possesses c 83 species of the genus Allium while A. ampeloprasum, A. commutatum and A. porrum are absent (Ghahreman & Attar, 1999) . Considering the fact that none of the A. ampeloprasum, A. commutatum and A. porrum exist in flora of Iran, further investigation is required to identify the hybrid origin of A. iranicum. Our results confirm the correctness of the Wendelbo opinion in recognizing A. iranicum (syn: A. ampeloprasum L. subsp. iranicum Wendelbo) as a distinct species.
